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(57) A gate electrode, an element isolation film and
a drain region in an LDMOS transistor formation region
and a gate electrode, an element isolation film and an
anode region in an ESD protection element formation
region are formed to satisfy relationships of A1 = A2 and
B1 < B2 where the LDMOS transistor formation region

has an overlap length A1 of the gate electrode and the
element isolation film and a distance B1 between the
gate electrode and the drain region, and the ESD pro-
tection element formation region has an overlap length
A2 of the gate electrode and the element isolation film
and a distance B2 between the gate electrode and the
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Description

[0001] The embodiments discussed herein relate to a
semiconductor device including a laterally diffused metal
oxide semiconductor (LDMOS) transistor and an electro-
static discharge (ESD) protection element, and a method
of manufacturing the semiconductor device.
[0002] Heretofore, compound semiconductor ele-
ments have been mainly used to process signals at high
frequency band (microwave band). In recent years, how-
ever, laterally diffused metal oxide semiconductor (LD-
MOS) transistors formed in semiconductor substrates
have been used instead of these compound semicon-
ductor elements. The LDMOS transistors are advanta-
geous in that the LDMOS transistors can be fabricated
at lower costs than the compound semiconductor ele-
ments. In addition, the LDMOS transistors are also ad-
vantageous in that the breakdown voltage thereof can
be enhanced relatively easily. Semiconductor devices
(integrated circuits) each internally including an LDMOS
transistor are widely used in mobile phones, wireless
LAN equipment, in-vehicle electronic devices, and the
like.
[0003] In addition, there are many semiconductor de-
vices each including an electrostatic discharge (ESD)
protection element in a chip to prevent an electrostatic
breakdown of the device. There are also developed thy-
ristor-type ESD protection elements achieving high dis-
charge performance with almost the same structure as
LDMOS transistors.

Patent Document 1: US patent No. 5903032
Patent Document 2: US patent No.6144070
Patent Document 3: Japanese Laid-open Patent Ap-
plication Publication No. 2001-320047
Patent Document 4: Japanese Laid-open Patent Ap-
plication Publication No. 2002-94063

[0004] Embodiments of the present invention provide
a semiconductor device, and a method of manufacturing
the same, the semiconductor device including an LD-
MOS transistor and an ESD protection element, being
producible in simple manufacturing processes and ena-
bling higher integration while ensuring a desired charac-
teristic.
[0005] According to an aspect of an embodiment of
the present invention, there is provided a semiconductor
device including a LDMOS (Laterally Diffused MOS) tran-
sistor and an ESD (Electrostatic Discharge) protection
element. The LDMOS transistor includes: a first gate
electrode formed on the semiconductor substrate with
an insulating film interposed therebetween; a first body
region formed by implanting impurities of a first conduc-
tivity type into the semiconductor substrate and disposed
at one edge side of the first gate electrode; a first source
region of a second conductivity type disposed in an upper
portion of the first body region; a first element isolation
film formed in an upper portion of the semiconductor sub-

strate and disposed to overlap the first gate electrode; a
first drain region formed inside the semiconductor sub-
strate, including impurities of the second conductivity
type, and disposed at a position in contact with an edge
portion of the first element isolation film and away from
the first gate electrode; and a first drift region formed
inside the semiconductor substrate, including impurities
of the second conductivity type, and being in contact with
the first body region and the first drain region. Meanwhile,
the ESD protection element includes: a second gate elec-
trode formed on the semiconductor substrate with an in-
sulating film interposed therebetween; a second body
region formed inside the semiconductor substrate, in-
cluding impurities of the first conductivity type, and dis-
posed at one edge side of the second gate electrode; a
second source region of the second conductivity type
disposed in an upper portion of the second body region;
a second element isolation film formed in an upper portion
of the semiconductor substrate and disposed to overlap
the second gate electrode; an anode region formed in-
side the semiconductor substrate, including impurities of
the first conductivity type, and disposed at a position in
contact with an edge portion of the second element iso-
lation film and away from the second gate electrode; a
third element isolation film formed in an upper portion of
the semiconductor substrate and disposed adjacent to
the anode region; a second drain region formed inside
the semiconductor substrate, including impurities of the
second conductivity type, and being in contact with the
third element isolation film; and a second drift region
formed inside the semiconductor substrate, including im-
purities of the second conductivity type, and being in con-
tact with the second body region, the anode region and
the second drain region. The semiconductor device has
relationships of A1 = A2 and B1 < B2 where A1 denotes
an overlap length of the first gate electrode and the first
element isolation film; A2 denotes an overlap length of
the second gate electrode and the second element iso-
lation film; B1 denotes a distance between the first gate
electrode and the first drain region; and B2 denotes a
distance between the second gate electrode and the an-
ode region.
[0006] According to the semiconductor device of the
above aspect, the LDMOS transistor and the ESD pro-
tection element may be formed simultaneously, which
avoid an increase in the number of manufacturing proc-
esses. In addition, the semiconductor device obtains a
desirable characteristic while suppressing an enlarge-
ment of an element region. Thus, higher integration of
semiconductor devices may be achieved.
[0007] The invention will now be described, by way of
examples only, with reference to the following drawings
in which:

Fig. 1 is a cross sectional view of a semiconductor
device of a first embodiment;
Fig. 2 is a layout of the semiconductor device of the
first embodiment;
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Fig. 3 is a view explaining relationships between an
overlap length A1 of an element isolation film and a
gate electrode above the element isolation film and
a distance B1 between an edge portion of the gate
electrode and a drain region in an LDMOS transistor
formation region; and an overlap length A2 of an el-
ement isolation film and a gate electrode above the
element isolation film and a distance B2 between an
edge portion of the gate electrode and an anode re-
gion in an ESD protection element formation region;
Fig. 4 is a diagram explaining an operation of an ESD
protection element;
Fig. 5 is a diagram exemplifying a relationship be-
tween a breakdown voltage and the overlap length
of the gate electrode and the element isolation film;
Fig. 6A is a cross sectional view of a semiconductor
device according to the embodiment and a compar-
ative example, Fig. 6B is a cross sectional view of
the ESD protection element in the semiconductor
device of the embodiment, and Fig. 6C is a cross
sectional view of an ESD protection element in the
semiconductor device of the comparative example;
Fig. 7 is a diagram illustrating simulation results of
breakdown voltage characteristics of the ESD pro-
tection element in the embodiment and of the ESD
protection element in the comparative example;
Fig. 8 is a circuit diagram illustrating an example of
an electronic circuit including the semiconductor de-
vice in the embodiment;
Figs. 9A to 9I are cross sectional views illustrating a
method of manufacturing the semiconductor device
of the first embodiment;
Figs. 10A to 10D are cross sectional views illustrating
a method of manufacturing a semiconductor device
of a second embodiment;
Fig. 11 is a top view of the semiconductor device of
the second embodiment;
Figs. 12A to 12D are cross sectional views illustrating
a method of manufacturing a semiconductor device
of a third embodiment;
Fig. 13 is a top view of the semiconductor device of
the third embodiment;
Fig. 14 is a cross sectional view of a semiconductor
device according to a fourth embodiment; and
Fig. 15 is a top view of the semiconductor device of
the fourth embodiment.

[0008] Hereinafter, embodiments will be described by
referring to the accompanying drawings.

(First Embodiment)

[0009] Fig. 1 is a cross sectional view of a semicon-
ductor device of a first embodiment, and Fig. 2 is a layout
of the semiconductor device. In the following description,
a first conductivity type is p-type and a second conduc-
tivity type is n-type. However, the first conductivity type
may be n-type and the second conductivity type may be

p-type.
[0010] As illustrated in Figs. 1 and 2, an element iso-
lation film 11a is formed in a predetermined region of a
p-type (first conductivity type) silicon semiconductor sub-
strate 10 and defines an LDMOS transistor formation re-
gion (referred to as an LDMOS formation region in the
drawings: the same shall apply below) and an ESD pro-
tection element formation region. An LDMOS transistor
is formed in the LDMOS transistor formation region and
a thyristor-type ESD protection element is formed in the
ESD protection element formation region.
[0011] To begin with, a structure of the LDMOS tran-
sistor is described. The LDMOS transistor formation re-
gion is surrounded by the element isolation film 11a. This
LDMOS transistor formation region is provided with a drift
region 14a formed by introducing n-type (second con-
ductivity type) impurities into the semiconductor sub-
strate 10. In addition, an element isolation film 11b tra-
versing the LDMOS transistor formation region is formed
in a predetermined region in an upper portion of the sem-
iconductor substrate 10.
[0012] A gate insulating film 17 is formed on the sem-
iconductor substrate 10 to run along almost the center
of the LDMOS transistor formation region. A portion (a
right side portion in Fig. 1) of the gate insulating film 17
is arranged on the element isolation film 11b. A gate elec-
trode 18a traversing the LDMOS transistor formation re-
gion and side walls 21 arranged at both sides of the gate
electrode 18a in a width direction are formed on the gate
insulating film 17. In addition, a silicide film 25b is formed
on an upper surface of the gate electrode 18a.
[0013] A body region 16a formed by introducing p-type
impurities is arranged at one side of the gate electrode
18a in the width direction (the left side in Figs. 1 and 2).
A source region 19a formed by introducing n-type impu-
rities is arranged in an upper portion of the body region
16a.
[0014] An n-type high concentration impurity region
23a into which n-type impurities are introduced at a higher
concentration than in the source region 19a is provide in
an upper portion of the source region 19a. A p-type high
concentration impurity region 22a into which p-type im-
purities are introduced at a higher concentration than in
the body region 16a is provided in an upper portion of
the body region 16a between the n-type high concentra-
tion impurity region 23a and the element isolation film
11a.
[0015] A silicide film 25a is formed on surfaces of the
n-type high concentration impurity region 23a and the p-
type high concentration impurity region 22a. The n-type
high concentration impurity region 23a and the p-type
high concentration impurity region 22a are electrically
connected to each other through the silicide film 25a.
[0016] In this embodiment, the n-type high concentra-
tion impurity region 23a and the p-type high concentration
impurity region 22a are in contact with each other, but
an element isolation film may be formed between these
impurity regions 23a, 22a. The same shall apply in other
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embodiments.
[0017] In the LDMOS transistor formation region, a
drain region 20a formed by introducing n-type impurities
is arranged between the element isolation film 11b and
the element isolation film 11a on the opposite side in the
width direction (the right side in Fig. 1). An n-type high
concentration impurity region 23b into which n-type im-
purities are introduced at a higher concentration than in
the drain region 20a is provided in an upper portion of
the drain region 20a and a silicide film 25c is formed on
a surface of the n-type high concentration impurity region
23b.
[0018] An interlayer insulating film 27 is formed on top
of the semiconductor substrate 10 in the LDMOS tran-
sistor formation region, and the gate electrode 18a is
covered with the interlayer insulating film 27. The silicide
films 25a, 25b, 25c are electrically connected to intercon-
nections 28 on the interlayer insulating film 27 through
conductive plugs 26a, 26b, 26c, respectively.
[0019] Next, a structure of the ESD protection element
is described. The ESD protection element formation re-
gion is also surrounded by the element isolation film 11a.
The ESD protection element formation region is also pro-
vided with a drift region 14b formed by introducing n-type
impurities into the semiconductor substrate 10. In addi-
tion, element isolation films 11c, 11d traversing the ESD
protection element formation region are formed in pre-
determined regions in an upper portion of the semicon-
ductor substrate 10. The element isolation films 11c, 11d
are arranged in parallel with each other.
[0020] A gate insulating film 17 is formed on the sem-
iconductor substrate 10 to traverse the ESD protection
element formation region. A portion (a right side portion
in Fig. 1) of the gate insulating film 17 is arranged on the
element isolation film 11c. A gate electrode 18b travers-
ing the ESD protection element formation region and side
walls 21 arranged at both sides of the gate electrode 18b
in the width direction are formed on the gate insulating
film 17. In addition, a silicide film 25e is formed on an
upper surface of the gate electrode 18b.
[0021] A body region 16b formed by introducing p-type
impurities is arranged at one side of the gate electrode
18b in the width direction (the left side in Figs. 1 and 2).
A source region 19b formed by introducing n-type impu-
rities is arranged in an upper portion of the body region
16b.
[0022] An n-type high concentration impurity region
23c into which n-type impurities are introduced at a higher
concentration than in the source region 19b is provide in
an upper portion of the source region 19b. A p-type high
concentration impurity region 22b into which p-type im-
purities are introduced at a higher concentration than in
the body region 16b is provided in an upper portion of
the body region 16b between the n-type high concentra-
tion impurity region 23c and the element isolation film
11a.
[0023] A silicide film 25d is formed on surfaces of the
n-type high concentration impurity region 23c and the p-

type high concentration impurity region 22b. The n-type
high concentration impurity region 23c and the p-type
high concentration impurity region 22b are electrically
connected to each other through the silicide film 25d.
[0024] In this embodiment, the n-type high concentra-
tion impurity region 23c and the p-type high concentration
impurity region 22b are in contact with each other, but
an element isolation film may be formed between these
impurity regions 23c, 22b. The same shall apply in other
embodiments.
[0025] In the ESD protection element formation region,
an anode region 22c formed by introducing p-type impu-
rities is formed between the element isolation film 11c
and the element isolation film 11d. A silicide film 25f is
formed on a surface of the anode region 22c.
[0026] In the ESD protection element formation region,
a drain region 20b formed by introducing n-type impuri-
ties is arranged between the element isolation film 11d
and the element isolation film 11a on the opposite side
(the right side in Fig. 1). An n-type high concentration
impurity region 23d into which n-type impurities are in-
troduced at a higher concentration than in the drain region
20b is provided in an upper portion of the drain region
20b and a silicide film 25g is formed on a surface of the
n-type high concentration impurity region 23d.
[0027] The interlayer insulating film 27 is also formed
on top of the semiconductor substrate 10 in the ESD pro-
tection element formation region, and the gate electrode
18b is covered with the interlayer insulating film 27. The
silicide films 25d, 25e, 25f, 25g are electrically connected
to interconnections 28 on the interlayer insulating film 27
through conductive plugs 26d, 26e, 26f, 26g, respective-
ly.
[0028] Here, as illustrated in Figs. 2 and 3, in the LD-
MOS transistor formation region, A1 denotes the length
of a portion where the element isolation film 11b overlaps
the gate electrode 18a above the element isolation film
11b, and B1 denotes a distance between an edge portion
of the gate electrode 18a and the drain region 20a (that
is, a distance in a direction parallel to the substrate sur-
face). In addition, in the ESD protection element forma-
tion region, A2 denotes a length of a portion where the
element isolation film 11c overlaps the gate electrode
18b above the element isolation film 11c, and B2 denotes
a distance between an edge portion of the gate electrode
18b and the anode region 22c (that is, a distance in the
direction parallel to the substrate surface). In this case,
the semiconductor device of the present embodiment has
relationships of A1 = A2 and B1 < B2.
[0029] Hereinafter, the ESD protection element with
the foregoing structure will be described in more detail.
For instance, as illustrated in Fig. 3, the source region
19b, the body region 16b and the gate electrode 18b in
the ESD protection element are connected to a single
terminal T1. In addition, the anode region 22c and the
drain region 20b are connected to a single terminal T2.
The terminal T1 is connected to a low potential terminal
of an internal circuit (the circuit including the LDMOS tran-
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sistor), and the terminal T2 is connected to a high poten-
tial terminal of the internal circuit, for example.
[0030] Fig. 4 is a diagram explaining an operation of
the ESD protection element with a voltage on the hori-
zontal axis and an electric current on the vertical axis.
Here, an operation voltage in the internal circuit of the
semiconductor device (a highest voltage applied be-
tween the terminals T1 and T2 in a normal operation) is
denoted by VDD, an operation start voltage of the ESD
protection element is denoted by Vt1, and a voltage to
break down the internal circuit (hereinafter, referred to
as a breakdown voltage) is denoted by VDDMAX. It is im-
portant that the operation start voltage Vt1 of the ESD
protection element is higher than the operation voltage
VDD of the internal circuit and is lower than the breakdown
voltage VDDMAX.
[0031] The ESD protection element is in an off state
when the voltage applied to the internal circuit is lower
than the operation start voltage Vt1. When a higher volt-
age is applied between the terminals T1, T2 due to static
electricity or the like, the ESD protection element is turned
into an on state and an electric current flows into the ESD
protection element. At this time, the electric current flow-
ing through the ESD protection element causes a change
in the voltage between the terminals T1, T2. Here, what
is important is that even the peak voltage between the
terminals T1, T2 does not exceed the breakdown voltage
VDDMAX.
[0032] When the voltage is applied between the termi-
nals T1, T2, a depletion layer expands between the body
region 16b and the drift region 14b and a depletion layer
expands between the drift region 14b and the anode re-
gion 22c. Consequently, a punch-through more likely oc-
curs. The punch-through is a phenomenon in which the
depletion layer between the body region 16b and the drift
region 14b and the depletion layer between the drift re-
gion 14b and the anode region 22c are connected to each
other to cause a large electric current to flow.
[0033] One possible method to prevent a punch-
through is to make the impurity concentration of the drift
region 14b in the ESD protection element formation re-
gion higher than the impurity concentration of the drift
region 14a in the LDMOS transistor formation region. In
this case, however, since a junction breakdown voltage
between the body region 16b and the drift region 14b is
lowered, the operation start voltage Vt1 of the ESD pro-
tection element may become lower than the operation
voltage VDD of the LDMOS transistor even though the
punch-through is prevented. In addition, there also arises
another problem of an increase in the number of manu-
facturing processes.
[0034] Another possible method to prevent a punch-
through is to increase the distance between the body
region 16b and the anode region 22c. A simple increase
in the distance between the body region 16b and the
anode region 22c, however, may raise the junction break-
down voltage between the body region 16b and the drift
region 14b and thereby make the operation start voltage

Vt1 of the ESD protection element higher than the break-
down voltage VDDMAX of the internal circuit. Moreover,
this method impedes achievement of higher integration
of the semiconductor device.
[0035] In the LDMOS transistor, the junction break-
down voltage between the body region and the drift re-
gion largely depends on the length (overlap length) of
the portion where the element isolation film overlaps the
gate electrode.
[0036] Fig. 5 is a diagram exemplifying a relationship
between a breakdown voltage and the overlap length of
the gate electrode and the element isolation film, with the
breakdown voltage on the vertical axis and the overlap
length on the horizontal axis.
[0037] As is apparent from Fig. 5, the junction break-
down voltage between body region 16a or 16b and drift
region 14a or 14b depends on the overlap length of the
gate electrode 18a or 18b and the element isolation film
11b or 11c. This is because a voltage applied to the gate
electrode 18a or 18b largely influences the expansion of
the depletion layer in the drift region 14a or 14b.
[0038] When the overlap length A2 is made longer than
the overlap length A1 (A1<A2), the junction breakdown
voltage between the drift region 14b and the body region
16b in the ESD protection element becomes higher than
the junction breakdown voltage between the drift region
14a and the body region 16a in the LDMOS transistor.
As a result, the operation start voltage Vt1 of the ESD
protection element may become higher than the break-
down voltage VDDMAX of the internal circuit, in some cas-
es.
[0039] To prevent this, in the present embodiment, the
overlap length A2 of the gate electrode 18b and the ele-
ment isolation film 11c in the ESD protection element is
set equal to or slightly shorter than the overlap length A1
of the gate electrode 18a and the element isolation film
11b in the LDMOS transistor (A1 = A2). With this setting,
the junction breakdown voltage between the body region
16b and the drift region 14b in the ESD protection element
is made equal to or slightly smaller than the junction
breakdown voltage between the body region 16a and the
drift region 14a in the LDMOS transistor.
[0040] In the present embodiment, the distance be-
tween the edge portion of the gate electrode 18b and the
anode region 22c is increased to prevent the occurrence
of a punch-through. The increase in the distance between
the edge portion of the gate electrode 18b and the anode
region 22c may raise the junction breakdown voltage be-
tween the body region 16b and the drift region 14b in the
ESD protection element in some cases depending on
manufacturing conditions. This influence, however, is
smaller than in the case where the overlap length of the
gate electrode and the element isolation film is changed.
[0041] As described above, the distance between the
edge portion of the gate electrode 18b and the anode
region 22c is increased. This increase more suppresses
an enlargement of the ESD protection element formation
region than in the case where the distance between the
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body region and the anode region is simply increased.
In this way, the semiconductor device obtains a desirable
characteristic while achieving higher integration.
[0042] Hereinafter, the characteristic of the ESD pro-
tection element of the semiconductor device according
to the embodiment will be explained in comparison with
a comparative example.
[0043] Fig. 6A is a cross sectional view of the LDMOS
transistors of the semiconductor devices in the embodi-
ment and the comparative example, Fig. 6B is a cross
sectional view of the ESD protection element of the sem-
iconductor device in the embodiment, and Fig. 6C is a
cross sectional view of the ESD protection element of
the semiconductor device in the comparative example.
In Figs 6A to 6C, the same portions as those in Fig. 1 are
indicated by the same reference numerals. In addition,
in Figs 6A to 6C, illustrations of the silicide film, the in-
terlayer insulating film and the like are omitted. Herein-
after, the ESD protection element of the semiconductor
device in the embodiment is simply referred to as the
ESD protection element in the embodiment, and the ESD
protection element of the semiconductor device in the
comparative example is simply referred to as the ESD
protection element in the comparative example.
[0044] The ESD protection elements of the semicon-
ductor devices in the embodiment and the comparative
example are the same in shape and size. In the ESD
protection element in the embodiment (see Fig. 6B), the
anode region 22c is in contact with the element isolation
films 11c, 11d. On the other hand, in the ESD protection
element in the comparative example (see Fig. 6C), the
anode region 22d is away from the element isolation film
11c because the element isolation film 11c has a smaller
width. The ESD protection element in the embodiment
and the ESD protection element in the comparative ex-
ample are the same in the other portions.
[0045] Fig. 7 is a diagram illustrating simulation results
of breakdown voltage characteristics of the ESD protec-
tion element in the embodiment and the ESD protection
element in the comparative example, with the distance
between the gate electrode and the anode region on the
horizontal axis and with the breakdown voltage on the
vertical axis. Here, the overlap length of the gate elec-
trode 18b and the element isolation film 11c is 0.75 Pm
in both the ESD protection elements in the embodiment
and the comparative example. Fig. 7 also illustrates the
breakdown voltage characteristic of the LDMOS transis-
tor. In the case of the LDMOS transistor, the horizontal
axis indicates the distance between the gate electrode
and the drain region.
[0046] As is apparent from Fig. 7, the ESD protection
element in the embodiment is prevented from causing a
punch-through if the distance between the gate electrode
18b and the anode region 22c is set to about 1.0 Pm or
longer. In contrast, the ESD protection element in the
comparative example causes a punch-through when the
distance between the gate electrode 18b and the anode
region 22d is about 1.0 Pm, and may need to be config-

ured with the distance between the gate electrode 18b
and the anode region 22d set to about 1.5 Pm or longer
to prevent a punch-through.
[0047] This is because, in the ESD protection element
in the comparative example, the anode region 22d is
away from the element isolation film 11c and therefore
the depletion layer between the drift region 14b and the
anode region 22d is more likely to expand toward the
body region 16b than in the ESD protection element in
the embodiment.
[0048] As is clear in Fig. 7, the ESD protection element
in the embodiment has an almost constant operation start
voltage Vt1 (=BVsd) even when the distance between the
gate electrode 18b and the anode region 22c is changed.
In other words, the operation start voltage Vt1 is deter-
mined by the overlap length of the gate electrode 18b
and the element isolation film 11c irrespective of the dis-
tance between the gate electrode 18b and the anode
region 22c.
[0049] Fig. 8 is a circuit diagram illustrating an example
of an electronic circuit including the semiconductor de-
vice in the present embodiment.
[0050] An output circuit 30 includes a p-type LDMOS
transistor 31a and an n-type LDMOS transistor 31b. The
source, gate and body of the p-type LDMOS transistor
31a are connected to a high potential power supply ter-
minal 33, whereas the source, gate and body of the n-
type LDMOS transistor 31b are connected to a low po-
tential power supply terminal 35. Both the drain of the p-
type LDMOS transistor 31a and the drain of the n-type
LDMOS transistor 31b are connected to an output termi-
nal 34.
[0051] A first ESD protection element 32a and a sec-
ond ESD protection element 32b are arranged in a pre-
ceding stage of the output circuit 30 (on the terminal 33,
35 side). The first ESD protection element 32a is con-
nected between the high potential power supply terminal
33 and the output terminal 34, and the second ESD pro-
tection element 32b is connected between the output ter-
minal 34 and the low potential power supply terminal 35.
[0052] In Fig. 8, in the first ESD protection element
32a, a node N1 represents the silicide film 25f on the
anode region 22c (see Fig. 1), and a node N2 represents
the silicide film 25g on the drain region 20b. In addition,
a node N3 represents the drift region 14b, and a node
N4 represents the body region 16b. Nodes N5, N6 rep-
resent the silicide film 25d on the p-type high concentra-
tion impurity region 22b and the n-type high concentration
impurity region 23c, respectively.
[0053] A transistor Q1 is formed of the anode region
22c, the drift region 14b and the body region 16b, and a
transistor Q2 is formed of the drift region 14b, the body
region 16b and the source region 19b. Moreover, a re-
sistor R1 is formed of the drift region 14b, and a resistor
R2 is formed of the body region 16b.
[0054] In the circuit in Fig. 8, the transistors Q1, Q2
are in the off state while a normal voltage (the operation
voltage of the internal circuit) is applied between the high
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potential power supply terminal 33 and the output termi-
nal 34, or between the output terminal 34 and the low
potential power supply terminal 35. At this time, the nor-
mal voltage is supplied to the internal circuit (the output
circuit 30 and the subsequent circuits).
[0055] When a high voltage is applied between the
high potential power supply terminal 33 and the output
terminal 34, or between the output terminal 34 and the
low potential power supply terminal 35 due to, for exam-
ple, static electricity or the like, the transistors Q1, Q2
are turned on and the electric currents flow into the ESD
protection elements 31a, 31b. This lowers the voltage
applied to the internal circuit and avoids a breakdown of
the internal circuit.
[0056] Figs. 9A to 9I are cross sectional views illustrat-
ing a method of manufacturing the semiconductor device
of the first embodiment in the order of manufacturing
processes. With reference to these drawings, the method
of manufacturing the semiconductor device of the first
embodiment will be described.
[0057] To begin with, the p-type silicon semiconductor
substrate 10 is prepared as illustrated in Fig. 9A. Then,
the element isolation film 11a defining the LDMOS tran-
sistor formation region and the ESD protection element
formation region is formed in the semiconductor sub-
strate 10 by use of a known shallow trench isolation (STI)
method. Also at this time, the element isolation film 11b
is formed in the LDMOS transistor formation region and
the element isolation films 11c, 11d are formed in the
ESD protection element formation region.
[0058] Specifically, trenches with a depth of 350 nm,
for example, are formed in a predetermined pattern in
the semiconductor substrate 10 by using a photolithog-
raphy method and etching method. Then, an insulating
substance such as a silicon oxide or a silicon nitride is
filled into the trenches to form the element isolation film
11a and the element isolation films 11b, 11c, 11d.
[0059] In the present embodiment, in the LDMOS tran-
sistor formation region, the distance between the element
isolation film 11b and the element isolation film 11a on
one side (the left side in Fig. 9A) is 2.8 Pm, and the dis-
tance between the element isolation film 11b and the
element isolation film 11a on the other side (the right side
in Fig. 9A) is 1.62 Pm. In addition, the width of the element
isolation film 11b is 1.5 Pm.
[0060] In addition, in the present embodiment, in the
ESD protection element formation region, the distance
between the element isolation film 11c and the element
isolation film 11a on one side (the left side in Fig. 9A) is
2.8 Pm, and the distance between the element isolation
film 11c and the element isolation film 11d is 1.62 Pm,
and the distance between the element isolation film 11d
and the element isolation film 11a on the other side (the
right side in Fig. 9A) is 1.62 Pm. In addition, the width of
the element isolation film 11c is 3 Pm, and the width of
the element isolation film 11d is 0.24 Pm.
[0061] After the element isolation film 11a and the el-
ement isolation films 11b, 11c, 11d are formed as de-

scribed above, the surface of the semiconductor sub-
strate 10 is thermally oxidized to form an oxide film 13
with a thickness of, for example, 10 nm.
[0062] Next, a process performed to obtain a structure
in Fig. 9B will be explained. After the oxide film 13 is
formed in the above process, a photoresist is applied
onto the oxide film 13 to form a photoresist film (not illus-
trated). Then, exposure and development processes are
performed on the photoresist film to provide the photore-
sist film with opening portions at lcoations corresponding
to the LDMOS transistor formation region and the ESD
protection element formation region. Thereafter, n-type
impurity ions are implanted into the semiconductor sub-
strate 10 through the opening portions.
[0063] In the above process, P (phosphorus) ions as
n-type impurities are implanted twice into the semicon-
ductor substrate 10. For instance, first ion implantation
conditions are an implantation energy of 2.0 MeV and a
dose of 2.5�1012 cm-2, and second ion implantation con-
ditions are an implantation energy of 500 keV and a dose
of 1.5�1012 cm-2. Incidentally, the ion implantation into
the semiconductor substrate 10 may be completed by
performing two or more times of ion implantations as de-
scribed above, or one time of ion implantation.
[0064] In this way, the n-type drift region 14a is formed
in the LDMOS transistor formation region, and the n-type
drift region 14b is formed in the ESD protection element
formation region. Then, the photoresist film is removed.
[0065] Hereinbelow, a process performed to obtain a
structure in Fig. 9C will be described. After the formation
of the drift regions 14a, 14b in the foregoing process, a
photoresist is applied onto the oxide film 13 to form a
photoresist film 15. Then, the photoresist film 15 is proc-
essed by the exposure and development processes and
thus is provided with opening portions at predetermined
regions. After that, p-type impurity ions are implanted into
the semiconductor substrate 10 (drift regions 14a, 14b)
through the opening portions. In this way, the p-type body
region 16a is formed in the LDMOS transistor formation
region and the p-type body region 16b is formed in the
ESD protection element formation region.
[0066] In the above process, three times of ion implan-
tations are performed by using B (boron) as p-type im-
purities. For instance, first ion implantation conditions are
an implantation energy of 420 keV and a dose of 1�1013

cm-2, second ion implantation conditions are an implan-
tation energy of 150 keV and a dose of 5�1012 cm-2, and
third ion implantation conditions are an implantation en-
ergy of 15 keV and a dose of 1�1013 cm-2.
[0067] The dose into each of the body regions 16a,
16b has an influence on a threshold voltage of the tran-
sistor. The ion implantation to form the body regions 16a,
16b may be completed by performing two or more times
of ion implantations as described above, or one time of
ion implantation.
[0068] The body region 16a in the LDMOS transistor
formation region is in contact with the element isolation
film 11a, but is away from the element isolation film 11b.
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The body region 16b in the ESD protection element for-
mation region is also in contact with the element isolation
film 11a, but is away from the element isolation film 11c.
[0069] Next, a process performed to obtain a structure
in Fig. 9D will be described. After the formation of the
body regions 16a, 16b in the foregoing process, the pho-
toresist film 15 used to form the body regions 16a, 16b
is removed. Then, a heat treatment at a temperature of
1000°C, for example, is performed to activate the impu-
rities. Subsequently, the insulating film 13 damaged by
the ion implantations and the like is removed. Thereafter,
the surface of the semiconductor substrate 10 is again
thermally oxidized to form the gate insulating film 17. In
the present embodiment, the gate insulating film 17 has
a thickness of 16 nm.
[0070] Next, with use of a CVD method, a polysilicon
film with a thickness of, for example, 180 nm is formed
on the gate insulating film 17. Then, the polysilicon film
is patterned by use of the photolithography method and
etching method, and thereby the gate electrode 18a is
formed in the LDMOS transistor formation region, and
the gate electrode 18b is formed in the ESD protection
element formation region.
[0071] In this process, the gate electrode 18a is formed
such that one end portion thereof in the width direction
overlaps the body region 16a and the other end portion
thereof overlaps the element isolation film 11b when the
gate electrode 18a is viewed from above. In addition, the
gate electrode 18b is formed such that one end portion
thereof overlaps the body region 16b and the other end
portion thereof overlaps the element isolation film 11c
when the gate electrode 18b is viewed from above.
[0072] Here, the overlap length of the gate electrode
18b and the element isolation film 11c is set equal to the
overlap length of the gate electrode 18a and the element
isolation film 11b. The overlap length of the gate electrode
18b and the element isolation film 11c may be set slightly
shorter than the overlap length of the gate electrode 18a
and the element isolation film 11b.
[0073] Hereinafter, a process performed to obtain a
structure in Fig. 9E will be explained. After the formation
of the gate electrodes 18a, 18b in the above process, a
photoresist film (not illustrated) provided with opening
portions in a predetermined pattern is formed on top of
the semiconductor substrate 10. Then, n-type impurity
ions are implanted into the semiconductor substrate 10
through the opening portions of the photoresist film to
form the source regions 19a, 19b and the drain regions
20a, 20b. Here, the ion implantation is performed by using
P (phosphorus) as the n-type impurity under conditions
of, for example, an implantation energy of 35 keV and a
dose of 3.7�1013cm-2.
[0074] The source region 19a is formed in the upper
portion of the body region 16a at a position adjacent to
the gate electrode 18a and away from the element iso-
lation film 11a when viewed from above. Similarly, the
source region 19b is formed in the upper portion of the
body region 16b at a position adjacent to the gate elec-

trode 18b and away from the element isolation film 11a
when viewed from above.
[0075] In addition, the drain region 20a is formed be-
tween the element isolation film 11b and the element
isolation film 11a and the drain region 20b is formed be-
tween the element isolation film 11d and the element
isolation film 11a.
[0076] Next, a process performed to obtain a structure
in Fig. 9F will be explained. After the formation of the
source regions 19a, 19b and the drain regions 20a, 20b
in the above process, the photoresist film used to form
the source regions 19a, 19b and the drain regions 20a,
20b is removed.
[0077] Then, an insulating film with a thickness of 100
nm made of a silicon oxide, a silicon nitride or the like is
formed on the entire upper side of the semiconductor
substrate 10 by use of the CVD method, for example.
Thereafter, the insulating film is processed by anisotropic
etching and thereby is left as the side walls 21 on both
sides of each of the gate electrodes 18a, 18b. After that,
a portion of the gate insulating film 17 not covered with
the gate electrodes 18a, 18b and the side walls 21 is
removed by etching.
[0078] Subsequently, a process performed to obtain a
structure in Fig. 9G will be explained. After the etching
of the gate insulating film 17 in the above process, a
photoresist film (not illustrated) provided with opening
portions in a predetermined pattern is formed on top of
the semiconductor substrate 10. After that, p-type impu-
rities are implanted into the semiconductor substrate 10
through the opening portions of the photoresist film to
form the p-type high concentration impurity regions 22a,
22b and the anode region 22c.
[0079] The ion implantation here is performed by using
B (boron) as the p-type impurity under conditions of an
implantation energy of 5 keV and a dose of 2�1015cm-2.
The p-type high concentration impurity region 22a is
formed in a surface portion of the body region 16a be-
tween the source region 19a and the element isolation
film 11a in the LDMOS transistor formation region. In
addition, the p-type high concentration impurity region
22b is formed in a surface portion of the body region 16b
between the source region 19b and the element isolation
film 11a in the ESD protection element formation region,
and the anode region 22c is formed between the element
isolation film 11c and the element isolation film 11d.
[0080] Next, a process performed to obtain a structure
in Fig. 9H will be explained. After the formation of the p-
type high concentration impurity regions 22a, 22b and
the anode region 22c in the above process, the photore-
sist film used to form the p-type high concentration im-
purity regions 22a, 22b and the anode region 22c is re-
moved.
[0081] Then, after a photoresist film covering the entire
upper side of the semiconductor substrate 10 is formed,
exposure and development processes are performed on
the photoresist film to provide opening portions in the
photoresist film. Thereafter, n-type impurities are im-
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planted into the surface of the semiconductor substrate
10 through the opening portions to form the n-type high
concentration impurity regions 23a, 23b, 23c, 23d.
[0082] The ion implantation herein is performed by us-
ing P (phosphorus) as the n-type impurities under con-
ditions of an implantation energy of 15 keV and a dose
of 2�1015 cm-2. The n-type high concentration impurity
region 23a is formed in a surface portion of the source
region 19a between the p-type high concentration impu-
rity region 22a and one of the side walls 21, and the n-
type high concentration impurity region 23b is formed in
a surface portion of the drain region 20a. In addition, the
n-type high concentration impurity region 23c is formed
in a surface portion of the source region 19b between
the p-type high concentration impurity region 22b and
one of the side walls 21, and the n-type high concentra-
tion impurity region 23d is formed in a surface portion of
the drain region 20b.
[0083] Next, a process performed to obtain a structure
in Fig. 9I will be explained. After the formation of the n-
type high concentration impurity regions 23a, 23b, 23c,
23d in the above process, the photoresist film used to
form the n-type high concentration impurity regions 23a,
23b, 23c, 23d is removed. Then, a heat treatment at a
temperature of 1000°C, for example, is performed to ac-
tivate the impurities.
[0084] Thereafter, a metal film made of Co (cobalt) or
the like is formed on the entire upper side of the semi-
conductor substrate 10 and is processed by a heat treat-
ment. With this heat treatment, the silicon in the surface
of the semiconductor substrate 10 and the surface of the
gate electrodes 18a, 18b react with metal elements in
the metal film to form a siliside. Then, the metal film left
unreacted is removed.
[0085] In this way, in the LDMOS transistor formation
region, the silicide film 25a is formed on the surfaces of
the p-type high concentration impurity region 22a and
the n-type high concentration impurity region 23a and
the silicide film 25b is formed on the upper surface of the
gate electrode 18a. Moreover, the silicide film 25c is
formed on the surface of the n-type high concentration
impurity region 23b.
[0086] Meanwhile, in the ESD protection element for-
mation region, the silicide film 25d is formed on the sur-
faces of the p-type high concentration impurity region
22b and the n-type high concentration impurity region
23c, and the silicide film 25e is formed on the upper sur-
face of the gate electrode 18b. In addition, the silicide
film 25f is formed on the surface of the anode region 22c
and the silicide film 25g is formed on the surface of the
n-type high concentration impurity region 23d.
[0087] Then, an insulating substance such for example
as a silicon oxide or a silicon nitride is deposited on the
entire upper side of the semiconductor substrate 10 by
using the CVD method or the like, and thereby the inter-
layer insulating film 27 is formed. The interlayer insulating
film 27 may be formed of a single insulating film or a stack
of two or more insulating films. Thereafter, the surface

of the interlayer insulating film 27 is polished and flattened
by the CMP method.
[0088] After that, by use of the photolithography meth-
od and the etching method, contact halls are formed to
extend from the surface of the interlayer insulating film
27 down to the silicide films 25a, 25b, 25c, 25d, 25e, 25f,
25g, respectively. Then, a conductive material such as
W (tungsten) is filled into these contact halls to form con-
ductive plugs 26a, 26b, 26c, 26d, 26e, 26f, 26g.
[0089] Then, a conductive film is formed of aluminum
or the like on the entire upper side of the semiconductor
substrate 10, and thereafter the conductive film is pat-
terned by use of the photolithography method and the
etching method. In this way, the first layer of the inter-
connection 28 is formed in a predetermined pattern.
[0090] Subsequently, the interlayer insulating film for-
mation process, the conductive plug formation process,
and the interconnection layer formation process are re-
peatedly performed to form a multi-layer interconnection
structure. Then, a protection film is formed on the multi-
layer interconnection structure. Thereafter, the protec-
tion film on a lead electrode is etched by use of the pho-
tolithography method and the etching method. In this
way, the semiconductor device including the LDMOS
transistor and the ESD protection element according to
the present embodiment is completed.
[0091] The present embodiment involves a small
number of manufacturing processes because the LD-
MOS transistor and the ESD protection element are
formed at the same time. Thus, the present embodiment
produces an effect of reduction in product costs.

(Second Embodiment)

[0092] Figs. 10A to 10D are cross sectional views il-
lustrating a method of manufacturing the semiconductor
device of a second embodiment in the order of manufac-
turing processes. Fig. 11 is a top view of a semiconductor
device according to the second embodiment.
[0093] To begin with, a p-type silicon semiconductor
substrate 10 is prepared as illustrated in Fig. 10A. Then,
an element isolation film 11a is formed in the semicon-
ductor substrate 10 to define an LDMOS transistor for-
mation region and an ESD protection element formation
region in the same method as in the first embodiment. In
addition, at the same time, an element isolation film 11b
is formed in the LDMOS transistor formation region and
element isolation films 11c, 11d are formed in the ESD
protection element formation region. Then, the surface
of the semiconductor substrate 10 is thermally oxidized
to form an oxide film 13.
[0094] Next, a process performed to obtain a structure
in Fig. 10B will be explained. After the oxide film 13 is
formed in the above process, a photoresist film (not illus-
trated) is formed on the oxide film 13. Then, the photore-
sist film is processed by exposure and development proc-
esses, and thereby is provided with opening portions at
predetermined regions. Thereafter, n-type impurity ions
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are implanted into the semiconductor substrate 10
through the opening portions.
[0095] The ion implantation herein is performed by us-
ing P (phosphorus) as the n-type impurities under con-
ditions of an implantation energy of 300 keV to 2.0 MeV,
and a dose of 1012 cm-2 to 3�1013 cm-2. This ion implan-
tation may be completed by performing one time of ion
implantation or two or more times of ion implantations.
[0096] Then, the photoresist film is removed. In this
way, a drift region 34a is formed in the LDMOS transistor
formation region and a drift region 34b is formed in the
ESD protection element formation region.
[0097] As illustrated in Fig. 10B, the drift region 34a in
the LDMOS transistor formation region surrounds the el-
ement isolation film 11b, and is away from the element
isolation film 11a on one side (the left side in Fig. 10B)
but is in contact with the element isolation film 11a on
the other side (the right side in Fig. 10B).
[0098] In addition, as illustrated in Fig. 10B, the drift
region 34b in the ESD protection element formation re-
gion surrounds the element isolation films 11c, 11d, and
is away from the element isolation film 11a on one side
(the left side in Fig. 10B) but is in contact with the element
isolation film 11a on the other side (the right side in Fig.
10B).
[0099] Next, a process performed to obtain a structure
in Fig. 10C will be explained. After the formation of the
drift regions 34a, 34b in the above process, a photoresist
film (not illustrated) is formed on the oxide film 13 and
the photoresist film is processed by exposure and devel-
opment processes, and thereby is provided with opening
portions at predetermined regions. Thereafter, p-type im-
purity ions are implanted into the semiconductor sub-
strate 10 through the opening portions. Thereby, a p-type
body region 16a is formed in the LDMOS transistor for-
mation region, and a p-type body region 16b is formed
in the ESD protection element formation region.
[0100] Here, by using B (boron) as the p-type impurity,
the ions are implanted into the semiconductor substrate
10 under conditions of an implantation energy of 150 keV
to 500 keV and a dose of 1012cm-2 to 3�1013cm-2. This
ion implantation may be completed by performing one
time of ion implantation or two or more times of ion im-
plantations.
[0101] In the present embodiment, the body region 16a
is formed between the drift region 34a and the element
isolation film 11a on one side (the left side in Fig. 10C)
in the LDMOS transistor formation region. The body re-
gion 16b is formed between the drift region 34b and the
element isolation film 11a on one side (the left side in
Fig. 10C) in the ESD protection element formation region.
[0102] Subsequently, a process performed to obtain a
structure in Fig. 10D will be explained. After the formation
of the body regions 16a, 16b in the above process, the
photoresist film used to form the body regions 16a, 16b
is removed. Then, in the same manner as in the first
embodiment, a heat treatment at a temperature of
1000°C, for example, is performed to activate the impu-

rities. After the insulating film 13 is removed, the heat
treatment is performed again to thermally oxidize the sur-
face of the substrate 10 to form a gate insulating film 17.
[0103] After that, gate electrodes 18a, 18b made of a
polysilicon, for example, are formed on the gate insulat-
ing film 17. In this case, the gate electrode 18a is formed
such that one end portion thereof in the width direction
overlaps the body region 16a and the other end portion
thereof overlaps the element isolation film 11b when the
gate electrode 18a is viewed from above. Meanwhile, the
gate electrode 18b is formed such that one end portion
thereof in the width direction overlaps the body region
16b and the other end portion thereof overlaps the ele-
ment isolation film 11c when the gate electrode 18b is
viewed from above.
[0104] Also in the present embodiment, it is important
that the overlap length (A2 in Fig. 11) of the gate electrode
18b and the element isolation film 11c is equal to or slight-
ly shorter than the overlap length (A1 in Fig. 11) of the
gate electrode 18a and the element isolation film 11b (A1
= A2). In addition, it is also important that the distance
(B2 in Fig. 11) between the edge portion of the gate elec-
trode 18b and the edge portion of the element isolation
film 11c on the other side is larger than the distance (B1
in Fig. 11) between the edge portion of the gate electrode
18a and the edge portion of the element isolation film
11b on the other side (B1 < B2).
[0105] Then, a photoresist film is formed on top of the
semiconductor substrate 10, and is processed by expo-
sure and development processes thereby to be provided
with opening portions at predetermined regions. There-
after, n-type impurity ions are implanted into the semi-
conductor substrate 10 through the opening portions to
form source regions 19a, 19b and drain regions 20a, 20b.
[0106] The source region 19a is formed in an upper
portion of the body region 16a at a position adjacent to
the gate electrode 18a and away from the element iso-
lation film 11a when viewed from above. Similarly, the
source region 19b is formed in an upper portion of the
body region 16b at a position adjacent to the gate elec-
trode 18b and away from the element isolation film 11a
when viewed from above.
[0107] Meanwhile, the drain region 20a is formed be-
tween the element isolation film 11b and the element
isolation film 11a, and the drain region 20b is formed
between the element isolation film 11d and the element
isolation film 11a.
[0108] After the photoresist film used to form the
source regions 19a, 19b and the drain regions 20a, 20b
is removed, an insulating film is formed on the enter upper
side of the semiconductor substrate 10. The insulating
film is processed by anisotropic etching to form side walls
21 on both sides of each of the gate electrodes 18a, 18b.
Thereafter, a portion of the gate insulating film 17 not
covered with the gate electrodes 18a, 18b and the side
walls 21 is removed by etching.
[0109] Subsequently, a photoresist film is formed on
top of the semiconductor substrate 10 and is processed
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by exposure and development processes to be provided
with opening portions at predetermined regions. After
that, p-type impurities are implanted into the semicon-
ductor substrate 10 through the opening portions to form
p-type high concentration impurity regions 22a, 22b and
an anode region 22c.
[0110] In this case, the p-type high concentration im-
purity region 22a is formed in a surface portion of the
body region 16a between the source region 19a and the
element isolation film 11a in the LDMOS transistor for-
mation region. Meanwhile, the p-type high concentration
impurity region 22b is formed in a surface portion of the
body region 16b between the source region 19b and the
element isolation film 11a in the ESD protection element
formation region. The anode region 22c is formed be-
tween the element isolation film 11c and the element iso-
lation film 11d.
[0111] After the formation of the p-type high concen-
tration impurity regions 22a, 22b and the anode region
22c, the photoresist film used to form the p-type high
concentration impurity regions 22a, 22b and the anode
region 22c is removed.
[0112] Then, a photoresist film is formed on top of the
semiconductor substrate 10, and is processed by expo-
sure and development processes to be provided with
opening portions at predetermined regions. Thereafter,
n-type impurities are implanted into the semiconductor
substrate 10 through the opening portions to form n-type
high concentration impurity regions 23a, 23b, 23c, 23d.
[0113] In this case, the n-type high concentration im-
purity region 23a is formed in a surface portion of the
source region 19a between the p-type high concentration
impurity region 22a and one of the side walls 21, and the
n-type high concentration impurity region 23b is formed
in a surface portion of the drain region 20a. Meanwhile,
the n-type high concentration impurity region 23c is
formed in a surface portion of the source region 19b be-
tween the p-type high concentration impurity region 22b
and one of the side walls 21. The n-type high concentra-
tion impurity region 23d is formed in a surface portion of
the drain region 20b.
[0114] After the formation of the n-type high concen-
tration impurity regions 23a, 23b, 23c, 23d, the photore-
sist film used to form the n-type high concentration im-
purity regions 23a, 23b, 23c, 23d is removed and then a
heat treatment at a temperature of 1000°C, for example,
is performed to activate the impurities. The following sil-
icide film formation process, interlayer insulating film for-
mation process, and conductive plug and interconnection
formation process are the same as in the first embodi-
ment, and therefore the description thereof is omitted
herein.
[0115] Also in the present embodiment, the overlap
length A2 of the gate electrode 18b and the element iso-
lation film 11c in the ESD protection element is set equal
to or slightly shorter than the overlap length A1 of the
gate electrode 18a and the element isolation film 11b in
the LDMOS transistor (A1 = A2). In addition, the distance

B2 between the edge portion of the gate electrode 18b
and the anode region 22c in the ESD protection element
is set larger than the distance B1 between the edge por-
tion of the gate electrode 18a and the drain region 20a
in the LDMOS transistor (B1 < B2).
[0116] As is the case with the first embodiment, these
settings may enable the ESD protection element to pre-
vent the internal circuit from being broken down due to
static electricity or the like, and also allow the semicon-
ductor device to achieve a higher integration. In addition,
in the semiconductor device of the present embodiment,
the LDMOS transistor and the ESD protection element
are formed at the same time, which produces effects of
avoiding an increase in the number of manufacturing
processes and thereby reducing the manufacturing
costs.

(Third Embodiment)

[0117] Figs. 12A to 12D are cross sectional views il-
lustrating a method of manufacturing a semiconductor
device of a third embodiment in the order of manufactur-
ing processes. Fig. 13 is a top view of the semiconductor
device of the third embodiment.
[0118] To begin with, a p-type silicon semiconductor
substrate 10 is prepared as illustrated in Fig. 12A. Then,
as is the case with the first embodiment, an element iso-
lation film 11a is formed in the semiconductor substrate
10 to define an LDMOS transistor formation region and
an ESD protection element formation region. Also in this
process, an element isolation film 11b is formed in the
LDMOS transistor formation region and element isolation
films 11c, 11d are formed in the ESD protection element
formation region. Then, the surface of the semiconductor
substrate 10 is thermally oxidized to form an oxide film 13.
[0119] Next, a process performed to obtain a structure
in Fig. 12B will be explained. After the formation of the
oxide film 13 in the above process, a photoresist film (not
illustrated) is formed on the oxide film 13. Then, the pho-
toresist film is processed by exposure and development
processes to be provided with opening portions at pre-
determined regions. After that, p-type impurity ions are
implanted into the semiconductor substrate 10 through
the opening portions.
[0120] In this process, the ion implantation is per-
formed by using B (boron) as the p-type impurity under
conditions of an implantation energy of 150 keV to 1.0
MeV and a dose of 1012cm-2 to 3�1013cm-2. This ion
implantation may be completed by performing one time
of ion implantation or two or more times of ion implanta-
tions.
[0121] Thereafter, the photoresist film is removed. In
this way, a p-type body region 46a is formed in the LD-
MOS transistor formation region and a p-type body region
46b is formed in the ESD protection element formation
region.
[0122] Next, a process performed to obtain a structure
in Fig. 12C will be explained. After the formation of the
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body regions 46a, 46b in the above process, a photoresist
film is formed on the oxide film 13, and then is processed
by exposure and development processes to be provided
with opening portions at predetermined regions. There-
after, n-type impurity ions are implanted into the body
regions 46a, 46b through the opening portions to form
an n-type drift region 44a in the LDMOS transistor for-
mation region and an n-type drift region 44b in the ESD
protection element formation region.
[0123] As illustrated in Fig. 12C, the drift region 44a in
the LDMOS transistor formation region surrounds the el-
ement isolation film 11b, and is away from the element
isolation film 11a on one side (the left side in Fig. 12C)
but is in contact with the element isolation film 11a on
the other side (the right side in Fig. 12C). In addition, as
illustrated in Fig. 12C, the drift region 44b in the ESD
protection element formation region surrounds the ele-
ment isolation films 11c, 11d, and is away from the ele-
ment isolation film 11a on one side (the left side in Fig.
12C) but is in contact with the element isolation film 11a
on the other side (the right side in Fig. 12C).
[0124] Next, a process performed to obtain a structure
in Fig. 12D will be explained. After the formation of the
drift regions 44a, 44b in the above process, the photore-
sist film used to form the drift regions 44a, 44b is removed.
Then, as is the case with the first embodiment, a heat
treatment at a temperature of 1000°C, for example, is
performed to activate the impurities. Then, the insulating
film 13 is removed, and the heat treatment is performed
again to thermally oxidize the surface of the substrate
10, and thereby to form a gate insulating film 17.
[0125] Subsequently, gate electrodes 18a, 18b made
of a polysilicon, for example, are formed on the gate in-
sulating film 17. In this case, the gate electrode 18a is
formed such that one end portion thereof in the width
direction overlaps the body region 46a and the other end
portion thereof overlaps the element isolation film 11b
when the gate electrode 18a is viewed from above. Mean-
while, the gate electrode 18b is formed such that one end
portion thereof in the width direction overlaps the body
region 46b and the other end portion thereof overlaps
the element isolation film 11c when the gate electrode
18b is viewed from above.
[0126] Also in the present embodiment, it is important
that the overlap length (A2 in Fig. 13) of the gate electrode
18b and the element isolation film 11c is equal to or slight-
ly shorter than the overlap length (A1 in Fig. 13) of the
gate electrode 18a and the element isolation film 11b (A1
= A2). In addition, it is also important that the distance
(B2 in Fig. 13) between the edge portion of the gate elec-
trode 18b and the edge portion of the element isolation
film 11c on the other side is larger than the distance (B1
in Fig. 13) between the edge portion of the gate electrode
18a and the edge portion of the element isolation film
11b on the other side (B1 < B2).
[0127] Then, a photoresist film is formed on top of the
semiconductor substrate 10 and is processed by expo-
sure and development processes to be provided with

opening portions at predetermined regions. Thereafter,
n-type impurity ions are implanted into the semiconductor
substrate 10 through the opening portions to form source
regions 19a, 19b and drain regions 20a, 20b.
[0128] The source region 19a is formed in an upper
portion of the body region 46a at a position adjacent to
the gate electrode 18a and away from the element iso-
lation film 11a when viewed from above. Similarly, the
source region 19b is formed in an upper portion of the
body region 46b at a position adjacent to the gate elec-
trode 18b and away from the element isolation film 11a
when viewed from above.
[0129] Meanwhile, the drain region 20a is formed be-
tween the element isolation film 11b and the element
isolation film 11a, and the drain region 20b is formed
between the element isolation film 11d and the element
isolation film 11a.
[0130] After the photoresist film used to form the
source regions 19a, 19b and the drain regions 20a, 20b
is removed, an insulating film is formed on the enter upper
side of the semiconductor substrate 10. The insulating
film is processed by anisotropic etching to form side walls
21 on both sides of each of the gate electrodes 18a, 18b.
Thereafter, a portion of the gate insulating film 17 not
covered with the gate electrodes 18a, 18b and the side
walls 21 is removed by etching.
[0131] Subsequently, a photoresist film is formed on
top of the semiconductor substrate 10 and is processed
by exposure and development processes to be provided
with opening portions at predetermined regions. After
that, p-type impurities are implanted into the semicon-
ductor substrate 10 through the opening portions to form
p-type high concentration impurity regions 22a, 22b and
an anode region 22c.
[0132] In this case, the p-type high concentration im-
purity region 22a is formed in a surface portion of the
body region 46a between the source region 19a and the
element isolation film 11a in the LDMOS transistor for-
mation region. Meanwhile, the p-type high concentration
impurity region 22b is formed in a surface portion of the
body region 46b between the source region 19b and the
element isolation film 11a in the ESD protection element
formation region. The anode region 22c is formed be-
tween the element isolation film 11c and the element iso-
lation film 11d.
[0133] Then, a photoresist film is formed on top of the
semiconductor substrate 10 and is processed by expo-
sure and development processes to be provided with
opening portions at predetermined regions. Then, n-type
impurities are implanted into the semiconductor sub-
strate 10 through the opening portions to form n-type high
concentration impurity regions 23a, 23b, 23c, 23d.
[0134] In this case, the n-type high concentration im-
purity region 23a is formed in a surface portion of the
source region 19a between the p-type high concentration
impurity region 22a and one of the side walls 21, and the
n-type high concentration impurity region 23b is formed
in a surface portion of the drain region 20a. Meanwhile,
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the n-type high concentration impurity region 23c is
formed in a surface portion of the source region 19b be-
tween the p-type high concentration impurity region 22b
and one of the side walls 21. The n-type high concentra-
tion impurity region 23d is formed in a surface portion of
the drain region 20b.
[0135] After the formation of the n-type high concen-
tration impurity regions 23a, 23b, 23c, 23d, the photore-
sist film used to form the n-type high concentration im-
purity regions 23a, 23b, 23c, 23d is removed and then a
heat treatment at a temperature of 1000°C, for example,
is performed to activate the impurities. Following silicide
film formation process, interlayer insulating film formation
process, and conductive plug and interconnection forma-
tion process are the same as in the first embodiment,
and therefore the description thereof is omitted herein.
[0136] Also in the present embodiment, the overlap
length A2 of the gate electrode 18b and the element iso-
lation film 11c in the ESD protection element is set equal
to or slightly shorter than the overlap length A1 of the
gate electrode 18a and the element isolation film 11b in
the LDMOS transistor (A1 = A2). In addition, the distance
B2 between the edge portion of the gate electrode 18b
and the anode region 22c in the ESD protection element
is set larger than the distance B1 between the edge por-
tion of the gate electrode 18a and the drain region 20a
in the LDMOS transistor (B1 < B2).
[0137] As is the case with the first embodiment, these
settings may enable the ESD protection element to pre-
vent the internal circuit from being broken down due to
static electricity or the like, and also allow the semicon-
ductor device to achieve a higher integration. In addition,
in the semiconductor device of the present embodiment,
the LDMOS transistor and the ESD protection element
are formed at the same time, which produces effects of
avoiding an increase in the number of manufacturing
processes and thereby reducing the manufacturing
costs.

(Fourth Embodiment)

[0138] Fig. 14 is a cross sectional view illustrating a
semiconductor device according to a fourth embodiment.
Fig. 15 is a top view of the semiconductor device of the
fourth embodiment. In Figs. 14 and 15, the same refer-
ence numerals are attached to the same portions as
those in Figs. 1 and 2, and the detailed description thereof
is omitted. Incidentally, the illustrations of the silicide film,
the interlayer insulating film and the like are omitted in
Figs. 14 and 15.
[0139] In a semiconductor substrate 10, an element
isolation film 11a is formed as in the case of the first
embodiment, and thereby an LDMOS transistor forma-
tion region and an ESD protection element formation re-
gion are defined by the element isolation film 11a. In ad-
dition, an element isolation film 11b is formed in the LD-
MOS transistor formation region and element isolation
films 11c, 11d are formed in the ESD protection element

formation region.
[0140] Moreover, an n-type drift region 14a, a p-type
body region 16a, an n-type source region 19a, an n-type
drain region 20a, a p-type high concentration impurity
region 22a, and n-type high concentration impurity re-
gions 23a, 23b are formed in the LDMOS transistor for-
mation region. Meanwhile, an n-type drift region 14b, a
p-type body region 16b, an n-type source region 19b, a
p-type anode region 22c, an n-type drain region 20b, a
p-type high concentration impurity region 22b, and n-type
high concentration impurity regions 23c, 23d are formed
in the ESD protection element formation region.
[0141] In the LDMOS transistor formation region, a
gate electrode 58a in a rectangular ring shape is formed
on the semiconductor substrate 10 with the gate insulat-
ing film 17 interposed in between. As illustrated in Fig.
15, the p-type high concentration impurity region 22a and
the n-type high concentration impurity region 23a are dis-
posed inside the gate electrode 58a in the ring shape.
[0142] Similarly, in the ESD protection element forma-
tion region, a gate electrode 58b in a rectangular ring
shape is formed on the semiconductor substrate 10 with
the gate insulating film 17 interposed in between. As il-
lustrated in Fig. 15, the p-type high concentration impurity
region 22b and the n-type high concentration impurity
region 23c are disposed inside the gate electrode 58b in
the ring shape.
[0143] Also in the present embodiment, the overlap
length (A2 in Fig. 15) of the gate electrode 58b and the
element isolation film 11c is set equal to or slightly shorter
than the overlap length (A1 in Fig. 15) of the gate elec-
trode 58a and the element isolation film 11b (A1 = A2).
In addition, the distance (B2 in Fig. 15) between the edge
portion of the gate electrode 58b and the edge portion of
the element isolation film 11c on the other side is set
larger than the distance (B1 in Fig. 15) between the edge
portion of the gate electrode 18a and the edge portion of
the element isolation film 11b on the other side (B1 < B2).
[0144] As is the case with the first embodiment, these
settings may enable the ESD protection element to pre-
vent the internal circuit from being broken down due to
static electricity or the like, and also allow the semicon-
ductor device to achieve a higher integration. In addition,
in the semiconductor device of the present embodiment,
the LDMOS transistor and the ESD protection element
are formed at the same time, which produces effects of
avoiding an increase in the number of manufacturing
processes and thereby reducing the manufacturing
costs.
[0145] Moreover, in the present embodiment, the gate
electrodes 58a, 58b are formed in the ring shapes. Due
to the bias of the gate electrodes 58a, 58b, the depletion
layers expand in the drift regions 14a, 14b with relatively
higher concentration. This produces an advantageous
effect of obtaining the desired characteristic (junction
breakdown voltage) of the semiconductor device.
[0146] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
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reader in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such spe-
cifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a showing of the superiority and inferiority of the in-
vention. Although the embodiments of the present inven-
tion have been described in detail, it should be under-
stood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the
scope of the invention.

Claims

1. A semiconductor device comprising:

a laterally diffused metal oxide semiconductor
(LDMOS) transistor; and
an electrostatic discharge (ESD) protection el-
ement, wherein
the LDMOS transistor comprises:

a first gate electrode formed on the semi-
conductor substrate with an insulating film
interposed therebetween;
a first body region formed by implanting im-
purities of a first conductivity type into the
semiconductor substrate and disposed at
one edge side of the first gate electrode;
a first source region of a second conductivity
type disposed in an upper portion of the first
body region;
a first element isolation film formed in an
upper portion of the semiconductor sub-
strate and disposed to overlap the first gate
electrode;
a first drain region formed inside the semi-
conductor substrate, including impurities of
the second conductivity type, and disposed
at a position in contact with an edge portion
of the first element isolation film and away
from the first gate electrode; and
a first drift region formed inside the semi-
conductor substrate, including impurities of
the second conductivity type, and being in
contact with the first body region and the
first drain region, and

the ESD protection element comprises:

a second gate electrode formed on the sem-
iconductor substrate with an insulating film
interposed therebetween;
a second body region formed inside the
semiconductor substrate, including impuri-
ties of the first conductivity type, and dis-
posed at one edge side of the second gate

electrode;
a second source region of the second con-
ductivity type disposed in an upper portion
of the second body region;
a second element isolation film formed in
an upper portion of the semiconductor sub-
strate and disposed to overlap the second
gate electrode;
an anode region formed inside the semicon-
ductor substrate, including impurities of the
first conductivity type, and disposed at a po-
sition in contact with an edge portion of the
second element isolation film and away
from the second gate electrode;
a third element isolation film formed in an
upper portion of the semiconductor sub-
strate and disposed adjacent to the anode
region;
a second drain region formed inside the
semiconductor substrate, including impuri-
ties of the second conductivity type, and be-
ing in contact with the third element isolation
film; and
a second drift region formed inside the sem-
iconductor substrate, including impurities of
the second conductivity type, and being in
contact with the second body region, the an-
ode region and the second drain region,
wherein

the semiconductor device has relationships of
A1 = A2 and B1 < B2 where A1 denotes an over-
lap length of the first gate electrode and the first
element isolation film; A2 denotes an overlap
length of the second gate electrode and the sec-
ond element isolation film; B1 denotes a dis-
tance between the first gate electrode and the
first drain region; and B2 denotes a distance be-
tween the second gate electrode and the anode
region.

2. The semiconductor device according to claim 1,
wherein
the first element isolation film, the second element
isolation film and the third element isolation film are
oxide films formed by using a shallow trench isolation
(STI) method.

3. The semiconductor device according to claim 1 or
2, wherein
the first body region is surrounded by the first drift
region, and
the second body region is surrounded by the second
drift region.

4. The semiconductor device according to claim 1 or
2, wherein
the first body region and the first drift region do not
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overlap each other in a vertical direction, and
the second body region and the second drift region
do not overlap each other in the vertical direction.

5. The semiconductor device according to claim 1 or
2, wherein the first drift region is surrounded by the
first body region, and
the second drift region is surrounded by the second
body region.

6. The semiconductor device according to claim 1 or
2, wherein
the first gate electrode and the second gate electrode
are each formed in a ring shape.

7. A method of manufacturing a semiconductor device,
the method comprising:

defining a laterally diffused metal oxide semi-
conductor (LDMOS) transistor formation region
and an electrostatic discharge (ESD) protection
element formation region in a semiconductor
substrate of a first conductivity type, and forming
a first element isolation film in the LDMOS tran-
sistor formation region and forming a second el-
ement isolation film and a third element isolation
film away from each other in the ESD protection
element formation region;
forming a first drift region by implanting impuri-
ties of a second conductivity type into the sem-
iconductor substrate in the LIMOS transistor for-
mation region, and forming a second drift region
by implanting impurities of the second conduc-
tivity type into the semiconductor substrate in
the ESD protection element formation region;
forming a first body region at a position away
from the first element isolation film by implanting
impurities of the first conductivity type into the
semiconductor substrate in the LDMOS transis-
tor formation region, and forming a second body
region at a position away from the second ele-
ment isolation film and the third element isolation
film by implanting impurities of the first conduc-
tivity type into the semiconductor substrate in
the ESD protection element formation region;
forming a first gate insulating film on the semi-
conductor substrate in the LDMOS transistor
formation region, and forming a second gate in-
sulating film on the semiconductor substrate in
the ESD protection element formation region;
forming a first gate electrode on the first gate
insulating film at a position overlapping the first
body region and the first element isolation film,
and forming a second gate electrode on the sec-
ond gate insulating film at a position overlapping
the second body region and the second element
isolation film;
forming a first source region and a first drain

region by implanting impurities of the second
conductivity type into an upper portion of the first
body region in the LDMOS transistor formation
region and a portion between the first element
isolation film and an edge portion of the LDMOS
transistor formation region, and forming a sec-
ond source region and a second drain region by
implanting impurities of the second conductivity
type into an upper portion of the second body
region in the ESD protection element formation
region and a portion between the third element
isolation film and an edge portion of the ESD
protection element formation region; and
forming an anode region by implanting impuri-
ties of the first conductivity type into a portion of
the ESD protection element formation region be-
tween the second element isolation film and the
third element isolation film, wherein
the first gate electrode, the first element isolation
film, the first drain region, the second gate elec-
trode, the second element isolation film and the
anode region are formed to satisfy relationships
of A1 = A2 and B1 < B2 where A1 denotes an
overlap length of the first gate electrode and the
first element isolation film; A2 denotes an over-
lap length of the second gate electrode and the
second element isolation film; B1 denotes a dis-
tance between the first gate electrode and the
first drain region; and B2 denotes a distance be-
tween the second gate electrode and the anode
region.

8. The method of manufacturing a semiconductor de-
vice according to claim 7, wherein
the first body region is formed by implanting impuri-
ties into an upper portion of the first drift region, and
the second body region is formed by implanting im-
purities into an upper portion of the second drift re-
gion.

9. The method of manufacturing a semiconductor de-
vice according to claim 7, wherein
the first body region is formed adjacent to the first
drift region, and
the second body region is formed adjacent to the
second drift region.

10. The method of manufacturing a semiconductor de-
vice according to claim 7, wherein
after the first body region and the second body region
are formed, the first drift region and the second drift
region are formed by implanting impurities into in an
upper portion of the first body region and an upper
portion of the second body region.
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